Webinar: New Travel Demand Modeling for our Evolving Mobility Landscape by Ewing, Reid & Sabouri, Sadegh
Portland State University 
PDXScholar 
TREC Webinar Series Transportation Research and Education Center (TREC) 
2-11-2020 
Webinar: New Travel Demand Modeling for our 
Evolving Mobility Landscape 
Reid Ewing 
University of Utah 
Sadegh Sabouri 
University of Utah 
Follow this and additional works at: https://pdxscholar.library.pdx.edu/trec_webinar 
 Part of the Transportation Commons, Urban Studies Commons, and the Urban Studies and Planning 
Commons 
Let us know how access to this document benefits you. 
Recommended Citation 
Ewing, Reid and Sabouri, Sadegh, "Webinar: New Travel Demand Modeling for our Evolving Mobility 
Landscape" (2020). TREC Webinar Series. 45. 
https://pdxscholar.library.pdx.edu/trec_webinar/45 
This Book is brought to you for free and open access. It has been accepted for inclusion in TREC Webinar Series by 
an authorized administrator of PDXScholar. For more information, please contact pdxscholar@pdx.edu. 
www.company.com
Key Enhancements to the 
WFRC/MAG
Four-Step Travel Demand Model
Ewing, R., Sabouri, S., Park, K., Lyons, T. & Tian, G. 
Department of City & Metropolitan Planning, University of Utah
Reid Ewing
Professor of City and Metropolitan Planning
University of Utah
ewing@arch.utah.edu
Presented by:
NITC Report #1086
Sadi Sabouri
PhD Student – Research Analyst
University of Utah
Sadegh.Sabouri@utah.edu
February 11, 2020
www.company.com
Funded By
www.company.com
Outline
• Introduction
• Vehicle Ownership Model
• Intrazonal or Interzonal?
• Non-Motorized Travel Mode Choice
• Conclusion
Department of City & Metropolitan Planning, University of Utah
Introduction
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1 - A Vehicle Ownership (Car Shedding) Model 
as a Pre-Step of Travel Demand Modeling
State-of-the-Practice in Vehicle Ownership Modeling
MPO Name Major City Population 
(2010)
Is VO 
Modeled? 
Method and variables used for calculating vehicle ownership 
Brunswick MPO Brunswick 79,626 No -
RVAMPO Roanoke 227,507 No -
Lincoln MPO Lincoln (Nebraska) 285,407 No -
North Front Range 
MPO
Fort Collins 433,178 No -
CHCNGTPO Chattanooga 436,669 No Multinomial Logit Model. Vehicle ownership is sensitive both to various 
demographic variables such as number of workers, income, number of drivers and 
accessibility by transit.
ARTS Augusta 440,134 No -
Des Moines Area MPO Urbandale 475,855 No -
Stanislaus COG Modesto 514,453 No -
COMPASS Meridian 550,359 No -
AMBAG Marina 732,667 No -
CDTC Albany 823,239 No -
FresnoCOG Fresno 930,885 Yes Multinomial logit model. Variables: household size, housing type, accessibility, 
household income. 
Memphis Urban Area 
MPO
Memphis 1,077,697 No -
WFRC Salt Lake City 1,561,348 Yes Multinomial logit model. Variables: household size, household income, density of 
the nearest eight zones, the amount of employment within 30-minutes of transit
METROPLAN Orlando Orlando 1,837,385 No -
A survey of 25 randomly selected MPOs in mid-2018 (Part 1) 
State-of-the-Practice in Vehicle Ownership Modeling
MPO Name Major City Population 
(2010)
Is VO 
Modeled? 
Method and variables used for calculating vehicle ownership 
MARC Kansas City 1,895,535 Yes Series of binary logit models. Variables: household income, household size, population 
density of the TAZ, and highway and transit accessibility from the zone to activity centers.
OKI Cincinnati 1,981,230 Yes Nested Logit Model. Variables: Explained in text.
EWGCOG St. Louis 2,571,253 Yes Multinomial logit model. Variables: income, household size, worker numbers, as well as 
highway and transit accessibility.
Boston Region MPO Boston 3,159,512 Yes Multinomial logit model. Variables: income (four logit models for four income categories), 
household size, workers per household, household density, employment density, household 
location, and transit walk-access factors.
SEMCOG Detroit 4,703,593 No No in the current model, but yes in the ABM
NCRTPB Washington 5,068,540 Yes Multinomial logit model. Variables: household size, household income, area type, and transit 
accessibility defined as the number of jobs accessible in 45 minutes using the “best” AM 
transit service. The best transit service is defined as the minimum AM walk-/drive-access 
transit time among the Metrorail- related transit, i.e. Metrorail only or bus/Metrorail (NCRTB 
report, 2012)
H-GAC Houston 5,892,002 No No in the current model, but yes in the ABM
NCTCOG Arlington 6,417,630 No -
NJTPA Newark 6,579,801 No -
CMAP Chicago 8,444,660 Yes Multinomial logit model. Separate models were estimated and calibrated for three different 
sized households defined by the total adults (workers plus nonworking adults) in the 
household. Variables: socioeconomic variables and the location of the household (inner 
Chicago, rest of Chicago and inner suburbs, mid-suburbs, and far suburbs and fringe). 
A survey of 25 randomly selected MPOs in mid-2018 (Part 2)
Current WFRC/MAG Model
The current auto ownership model is a multinomial logit model that estimates household vehicle 
ownership based on:
● Household size – number of people who live in a household (categories are 1, 2, 3, 4, 5, or 6 or more 
person households)
● Household income – measure of combined incomes of all people sharing a particular household
● Density of the nearest eight zones 
● Amount of employment within 30-minutes of transit
This model was last calibrated using the 2010 Census and Household Travel Survey
Many vehicle ownership studies have used the multinomial logit model:
● Bhat and Pulugurta (1998)
● Ryan and Han (1999)
● Bento et al. (2005)
● Potoglou et al. (2008)
● Zegras (2010)
● Cirillo and Liu (2013)
● Guo (2013)
Source: Zhan Guo
In the new model, built 
environmental variables 
will affect vehicle 
ownership, which in turn 
will affect various aspects 
of household travel.
Why Current Model Can Be Improved
● Current model uses multinomial logit model (treats vehicle ownership as a nominal variable)
● Fails to account for dependence of households from the same TAZ
“Multinomial logit coefficients are meaningless in your context. 
(Vehicle) ownership is a count. You want to model it with a count 
regression. Multinomial logit has no useful features for modeling 
counts.” – Bill Greene, Econometric Analysis author
What is Multi-level Modeling?
Source: Harrison et al., 2018
Data & Method: 
Household Travel 
Survey Data
• 31 regions
• 850,000 trips 
• 91,000 households
• Trip mode, purposes
• Trip ends XY
• D variables at the TAZ 
level
5 D-Variables
● Density
● Diversity
● Design
● Destination Accessibility
● Distance to Transit
TAZ Level Variables
ACTDEN: Activity Density – Population + employment density per square mile
JOBPOP: Job-Population Balance 
ENTROPY – Entropy index that captures the variety of land uses based 
INTDEN: Intersection Density - Number of intersections within 
PCT4W: Percentage of 4-way intersections 
PCTEMP10A, EMP20A, EMP30A – % Total employment within 10, 20, and 30 minutes by automobile
PCTEMP30T – % Total employment within 30 minutes by transit
TRANSITDEN – Number of bus/rail stops within the TAZ
Summary of the results for the three multilevel models
Multinomial Logit Ordered Logit Poisson
Log Likelihood (LL(β)) -66107 -68393 -107289
AIC/N 1.443 1.743 2.733
McFadden R2 0.3065 0.2826 0.1540
Correlation(Mean, Veh) 0.6536 0.6527 0.6536
Correlation(IntMean, Veh) 0.6065 0.6039 0.6008
Root Mean Square Error (RMSE) 0.8964 0.9083 0.8347
𝑅𝑀𝑆𝐸 = √ (𝑦* − 𝑦* ,𝑛
Best-Fit Model for VO: Car Shedding – WFRC/MAG (Poisson)
coef. std. err. t-ratio p-value
(Intercept) 0.31380 0.02011 15.6 < 0.01
hhsize_cat2 0.56480 0.01116 50.619 < 0.01
hhsize_cat3 0.46790 0.00830 56.363 < 0.01
hhsize_cat4 0.52560 0.00977 53.795 < 0.01
hhsize_cat5 0.52060 0.01009 51.619 < 0.01
employed_cat0 -0.48850 0.01171 41.735 < 0.01
employed_cat1 -0.08804 0.00770 11.44 < 0.01
employed_cat2 -0.19350 0.00825 23.448 < 0.01
dum_income -0.27520 0.00737 -37.356 < 0.01
actden -0.00597 0.00040 -15.04 < 0.01
intden -0.00064 0.00005 -12.361 < 0.01
pct4way -0.00083 0.00017 -4.919 < 0.01
pctemp10a -0.00065 0.00035 -1.827 0.06
pctemp30a -0.00094 0.00017 -5.646 < 0.01
pctemp30t -0.00108 0.00018 -6.132 < 0.01
Salt Lake Region 0.04905 0.01864 2.631 < 0.01
Provo-Orem Region 0.01316 0.02474 0.532 0.59481
Sample size: level 1 – 86489 
level 2 – 25205 
level 3 – 32
Log likelihood (Full): -119390.7
Log likelihood (Null): -138206.7
AIC: 238972.5 
BIC: 239131.7
McFadden R2: 0.1361
Computing RMSE (just for TAZs with 10 
or more households) for WF region:
• Best-Fit Model: 0.2293
• WFRC Model: 0.92431
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dum_income: dummy of income: 1 if lowest 
income quartile (<35k), 0 otherwise
2- Module for Forecasting Intrazonal Travel in 
a Four-Step Travel Demand Model
State-of-the-Practice in Calculating Trip Distribution 
& Intrazonal Trips
MPO Name Major City Population 
(2010)
Trip Distribution 
Model
Method for Calculating Intrazonal Trips 
Brunswick MPO Brunswick 79,626 Gravity Intrazonal times were created by the Travel Purpose + Matrix function 
using half of the average travel time to the nearest four TAZ’s
RVAMPO Roanoke 227,507 Gravity Two adjacent zones are used to compute the intrazonal travel time 
during the trip distributions. 
Lincoln MPO Lincoln (Nebraska) 285,407 Gravity Intrazonal travel time has been calculated by multiplying the distance 
to the single nearest neighbor by 75%. 
North Front Range 
MPO
Fort Collins 433,178 Gravity Intrazonal travel time is calculated as a function of the travel time 
required to reach the closest adjoining zone.
CHCNGTPO Chattanooga 436,669 Destination Choice 
Model 
The intrazonal travel time is calculated as half the average travel time 
to the four closest neighboring zones.
ARTS Augusta 440,134 Gravity Intrazonal times were created by the travel purpose+ Matrix function 
using half of the average travel time to the nearest four TAZ’s.
Des Moines Area 
MPO
Urbandale 475,855 Gravity Three neighbor zones for the calculation of average travel time were 
chosen and a final factor, 0.5, was applied to the end result.
Stanislaus COG Modesto 514,453 Gravity Intrazonal travel times are estimated based on 50 percent of the 
travel time to the nearest adjacent zone.
COMPASS Meridian 550,359 Gravity Travel times: 50% time to the nearest zone.
AMBAG Marina 732,667 Gravity Intra-zonal travel times were computed based on the average time to 
the nearest 3 zones. 
CDTC Albany 823,239 Gravity A travel time of 6 minutes is assumed for intrazonal trips (trips within 
the same zone). 
FresnoCOG Fresno 930,885 Gravity 100 percent and 33.3 percent the average time to the nearest 
adjacent TAZ for urban and rural areas, respectively. 
A survey of 25 randomly selected MPOs in mid-2018 (Part 1)
State-of-the-Practice in Calculating Trip Distribution 
& Intrazonal Trips
MPO Name Major City Population 
(2010)
Trip Distribution 
Model
Method for Calculating Intrazonal Trips 
Memphis Urban Area 
MPO
Memphis 1,077,697 Destination Choice 
Model
The intrazonal travel times are computed by taking half the average travel time to 
the four closest neighboring zones.
WFRC Salt Lake City 1,561,348 Gravity Intrazonal travel time as a function of the area of the zone and the average travel 
speed followed by Martin & McGuckin (1998).
METROPLAN 
Orlando
Orlando 1,837,385 Gravity The nearest neighbor rule with terminal time as the constraining variable.
MARC Kansas City 1,895,535 Destination choice 
model
Nearest neighbor rule was used to estimate the intrazonal travel times.
OKI Cincinnati 1,981,230 Gravity Half of the average travel time to the nearest three zones.
EWGCOG St. Louis 2,571,253 Gravity
Destination Choice 
Model
For Home-Based Work
For Other types with nearest neighbor assumption for intrazonal travel times.
Boston Region MPO Boston 3,159,512 Gravity Nearest  Neighbor Rule (0.5 of 3 zones)
SEMCOG Detroit 4,703,593 Destination Choice 
Model
Intra-zonal travel time is calculated based on 4 nearest neighbor zones.
NCRTPB Washington 5,068,540 Gravity The intra-zonal times have been set to 85% of the minimum inter-zonal time. 
H-GAC Houston 5,892,002 Atomistic Model  (a 
gravity-analogy-based 
model)
…by dividing existing zones into atoms a more realistic interchange of intrazonal
trips and short (less than five minutes) trips among adjacent zones is defined
NCTCOG Arlington 6,417,630 Gravity Nearest  Neighbor Rule (0.5 of 3 zones)
NJTPA Newark 6,579,801 Gravity The intrazonal time was calculated using half of the sum of time from two closest 
“nonzero” zones, and then multiplied it by 0.60. 
CMAP Chicago 8,444,660 Gravity with 
Intervening 
Opportunities
Nearest Neighbor Rule. Read page 72 of the 2014 report for more detail on the 
11 step of calculation.
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● Problems Associated with Gravity Model
● Failure to account for the interdependence of trips from 
the same TAZ
● Failure to account for the impact of D variables
Main Problems 
Associated With 
Forecasting 
Intrazonal 
Travel
Module for Forecasting Intrazonal Travel in a Four-
Step Travel Demand Model
HBW HBShp HBOth NHBW NHBNW
intrazonal 269 397 3156 184 1165
interzonal 9190 8840 17887 2783 9873 
total 9459 9237 21043 2967 11038 
% intrazonal 2.84 4.3 15.0 6.21 10.5 
WFRC Region
HBW HBShp HBOth NHBW NHBNW
WFRC/MAG model (%) 5.2 3.8 13.8 6.8 10.8
WFRC/MAG travel survey (%) 2.8 4.3 15.0 6.2 10.5 
WFRC/MAG Model vs. Travel Survey
Results of Multi-Level Binomial Logit – HBW
coef. std. err. z-value p-value odds ratio
intercept -4.683 0.112 -41.706 < 0.001 0.007
totemp 0.0003 0.00003 10.430 < 0.001 1.0003
area 0.009 0.003 3.111 0.002 1.010
pctemp20a -0.007 0.002 -3.290 0.001 0.993
Sample size: level 1 – 121,200; level 2 – 19,656; level 3 – 31 
Log likelihood: -13,033; AIC: 26,078; pseudo-R-squared: 0.01
Results of Multi-Level Binomial Logit – HBSHP
coef. std. err. z-value p-value odds ratio
intercept -4.426 0.121 -36.532 < 0.001 0.012
totemp 0.0003 0.00002 14.841 < 0.001 1.0003
totpop 0.0001 0.00001 3.605 < 0.001 1.0001
area 0.004 0.002 1.994 0.046 1.004
jobpop 0.754 0.104 7.276 < 0.001 2.125
intden 0.001 0.000 2.961 0.003 1.001
pct4way 0.007 0.002 4.103 < 0.001 1.007
pctemp20a -0.005 0.002 -2.920 0.004 0.995
Sample size: level 1 – 134,454; level 2 – 20,301; level 3 – 31
Log likelihood: -27,701; AIC: 55,422; pseudo-R-squared: 0.02
Results of Multi-Level Binomial Logit – HBO
coef. std. err. z-value p-value odds ratio
intercept -2.744 0.088 -31.297 < 0.001 0.064
totemp 0.0001 0.00001 7.397 < 0.001 1.0001
totpop 0.0001 0.00001 10.689 < 0.001 1.0001
area 0.005 0.001 3.285 0.001 1.005
jobpop 0.333 0.059 5.673 < 0.001 1.395
intden 0.0004 0.0002 2.015 0.044 1.0004
pctemp10a -0.006 0.002 -2.716 0.007 0.994
Sample size: level 1 – 256,004; level 2 – 22,273; level 3 – 31
Log likelihood: -92,914; AIC: 185,845; pseudo-R-squared: 0.01
Results of Multi-Level Binomial Logit – NHBW
coef. std. err. z-value p-value odds ratio
intercept -2.603 0.084 -31.053 < 0.001 0.074
totemp 0.00005 0.00002 2.672 0.008 1.00005
actden 0.003 0.001 2.564 0.010 1.003
pct4way 0.003 0.001 3.003 0.003 1.003
pctemp30a -0.003 0.001 -2.717 0.007 0.997
Sample size: level 1 – 86,763; level 2 – 16,200; level 3 – 31 
Log likelihood: -25,060; AIC: 50,136; pseudo-R-squared: 0.002
Results of Multi-Level Binomial Logit – NHBNW
coef. std. err. z-value p-value odds ratio
intercept -2.096 0.040 -52.431 < 0.001 0.123
totemp 0.00004 0.00001 3.848 < 0.001 1.00004
totpop 0.00001 0.00001 2.299 0.021 1.00001
area 0.004 0.001 4.137 < 0.001 1.004
pctemp10a -0.004 0.001 -2.457 0.014 0.996
pctemp30t -0.002 0.001 -3.196 0.001 0.998
Sample size: level 1 – 183,066; level 2 – 20,156; level 3 – 31 
Log likelihood: -67,680; AIC: 135,375; pseudo-R-squared: 0.002
Model Validation Results
The Smaller the RMSE, the more accurate the model and the better the predictive power
HBW HBShp HBOth NHBW NHBNW
WFRC Gravity 
model 0.076 0.101 0.224 0.055 0.117 
Constant
model 0.047 0.082 0.170 0.064 0.090 
Our model 0.007 0.010 0.017 0.020 0.029
Model Validation (2): Root Mean Square Error
3 – Module For Forecasting Non-Motorized 
Travel Mode Choices in A Travel Demand 
Model
State-of-the-Practice in Walk/Bike Mode
MPO Name Major City Population 
(2010)
Walk and Bike Mode Choices
Brunswick MPO Brunswick 79,626 Does not model non-motorized travel.
Roanoke Valley MPO Roanoke 227,507 Does not model non-motorized travel.
Lincoln MPO Lincoln (Nebraska) 285,407 The Lincoln MPO Travel Model uses a distance-based algorithm to determine non-motorized mode share. 
Local information is only available for commute trips, which are defined similar to but not exactly the same 
as the home-based work trips (HBW) in the Lincoln MPO Travel Model. For the remaining trip purposes, 
data was borrowed from another region. After reviewing available data sources, including NHTS data, San 
Luis Obispo, CA was selected as the source model for non-motorized trip shares. 
North Front Range MPO Fort Collins 433,178 The NFR Model uses a mode choice structure that nests multiple multinomial choices. Non-motorized trips 
are divided to walk and bike and the probabilities of these trips are calculated based on the walk and bike 
time.
Chattanooga-Hamilton County/North 
Georgia Transportation Planning 
Organization
Chattanooga 436,669 ABM: The tour main mode sub-model is structured as a multinomial logit with the following eight mode 
options: Drive-to-Transit, Walk-to-Transit, School Bus, Shared Ride (3 or more persons), Shared Ride (2 
persons), Drive Alone, Bicycle, Walk. Roundtrip road distance is the only variable used to determine walk 
or bike trips.
Augusta Regional Transportation Study Augusta 440,134 Does not model non-motorized travel. In the ARTS model, the mode choice component includes “motorized 
person trips” and splits these into auto and transit trips. 
Des Moines Area MPO Urbandale 475,855 The Des Moines Area MPO does not conduct mode choice modeling.
Stanislaus COG Modesto 514,453 Does not model non-motorized travel. The StanCOG model uses an adjustment procedure rather than a 
full mode choice analysis step. 
Community Planning Association of 
Southwest Idaho
Meridian 550,359 The COMPASS mode choice model uses a nested logit structure with five alternatives. The non-motorized 
nest includes walk and bicycle modes and their probabilities are estimated based on trip distance.  
Association of Monterey Bay Area 
Governments
Marina 732,667 The updated mode choice model for the AMBAG RTDM utilizes a nested logit based model structure. The 
estimated models are a series of logit models (multinomial or nested) that vary by trip purpose and by 
peak/off-peak periods. For most purposes, the following travel modes are estimated: Auto drive alone, Auto 
shared ride (carpool), Transit, Walk, and Bike. The probabilities of walk and bike trips are predicted based 
on trip time and total employment density.
Capital District Transportation Committee Albany 823,239 Does not model non-motorized travel. For other modes, multinomial logit. 
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State-of-the-Practice in Walk/Bike Mode
MPO Name Major City Population 
(2010)
Walk and Bike Mode Choices
Fresno Council of Governments Fresno 930,885 The Fresno County mode choice models use a multinomial logit formulation. The Fresno COG Model 
includes a mode choice step which divides trips into drive alone, shared ride 2 people, shared ride 3+ 
people, local bus, regional bus, BRT, walk and bike.
Memphis Urban Area MPO Memphis 1,077,697 Nested Logit model. For some trip purposes, there is no bike trips. So, this mode is excluded. The variables 
used for predicting the probability of non-motorized trips are households income and population density.
Wasatch Front Regional Council + MAG Salt Lake City 1,561,348 A nested multinomial logit mode choice model is used to estimate the split among non-motorized 
(walk/bike) and motorized (auto and transit) trips. Trip distance is the only predictor of the non-motorized 
share.
METROPLAN Orlando Orlando 1,837,385 Does not model non-motorized travel. For the rest, nested logit form.
Mid-America Regional Council Kansas City 1,895,535 Does not model non-motorized travel. For the rest, nested logit model. 
Ohio-Kentucky-Indiana Regional Council 
of Governments
Cincinnati 1,981,230 ABM. The mode choice model does include non-motorized choices and is a multinomial logit model.
East-West Gateway Council of 
Government
St. Louis 2,571,253 Does not model non-motorized travel. For the rest, nested logit model.
Boston Region MPO Boston 3,159,512 multinomial logit form. No bike mode. Walk time is the only predictor for walk probability.
Southeast Michigan COG - First Gravity, 
Then Destination Choice Model
Detroit 4,703,593 Based on current version, they do not model non-motorized travel. For other modes, nested logit. But for 
their enhanced model (ABM. will be finished in this year), they are going to use non-motorized, divided by 
walk and bike as well.
National Capital Region Transportation 
Planning Board 
Washington 5,068,540 Does not model non-motorized travel.
Houston-Galveston Area Council Houston 5,892,002 Does not model non-motorized travel. For the rest, nested logit model.
North Central Texas COG Arlington 6,417,630 Does not model non-motorized travel. For the rest, Nested logit models are used for HBW and HNW trips, 
and a multinomial logit model is used for NHB trips.
North Jersey Transportation Planning 
Authority
Newark 6,579,801 Using binomial logit model to split non-motorized and motorized trips after trip generation and before trip 
distribution. But, does not model non-motorized travel at mode choice. For other modes, nested logit.
Chicago Metropolitan Agency for 
Planning
Chicago 8,444,660 Splitting non-motorized and motorized trips after trip generation and before trip distribution. But, for mode 
choice model, they did not model non-motorized travel. For other modes, multinomial logit model.
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Travel Mode Shares (%) by Trip Purpose
Home-Based Work Home-Based Other Non-Home-Based
Mode non-motorized motorized
non-
motorized motorized
non-
motorized motorized
Average (29 
Regions) 4.32% 95.68% 12.47% 87.53% 9.55% 90.45%
* Like the WFRC model, the home-based shop (HBShp) trips are merged with HBO trips, and 
NHB consists of both non-home-based work and non-home-based non-work trips. 
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Modes of Travel
Motorized
Auto Transit
Nonmotorized
Walk Bike
Multi-Level Nested Logit
Variable Description
Outcome Variable
mode Mode choice (1= walk, 2= bike, 3= transit, 4= car)
trip purpose Trip purpose: home-based work (HBW), home-based other 
(HBO), non-home-based (NHB)
Choice-Specific Variables
time_w travel time by walk
time_b travel time by bike
time_t travel time by transit
time_c travel time by car
Socio-Demographic and Built Environment Variables
hhsize household size
employed number of employed persons in household
veh number of vehicles owned by households
lnactden natural log of activity density within TAZ (pop + emp per square 
mile in 1000s)
jobpop job-population balance within TAZ
intden intersection density within TAZ
pct4way percentage of 4-way intersections within TAZ
pctemp10a percentage of regional employment within 10 minutes by auto
pctemp20a percentage of regional employment within 20 minutes by auto
pctemp30a percentage of regional employment within 30 minutes by auto
pctemp30t percentage of regional employment within 30 minutes by transit
Regional Variable
region a set of regional dummy variables
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Variable Estimate Std. Error Z Value
walk:(intercept) -0.71305 0.1378 -5.1743***1
bike:(intercept) -4.12209 0.3561 -11.5741***
transit:(intercept) -4.96735 0.2736 -18.1533***
time -0.02084 0.0008 -25.1233***
walk:hhsize 0.01614 0.0157 1.0306
bike:hhsize 0.14998 0.0157 9.5724***
transit:hhsize 0.24468 0.0193 12.7036***
walk:veh -0.33655 0.0237 -14.2263***
bike:veh -0.21299 0.0270 -7.8911***
transit:veh -1.26329 0.0314 -40.2503***
walk:lnactden 0.29165 0.0225 12.9439***
bike:lnactden -0.14553 0.0285 -5.1085***
transit:lnactden 0.17849 0.0338 5.2853***
walk:pct4way 0.00164 0.0008 2.0074*
bike:pct4way 0.00853 0.0009 9.1691***
transit:pct4way 0.00710 0.0011 6.5861***
walk:pctemp30a -0.00346 0.0014 -2.4979*
bike:pctemp30a 0.00755 0.0022 3.4628***
transit:pctemp30a 0.01696 0.0023 7.5079***
walk:pctemp30t 0.00260 0.0018 1.4628
bike:pctemp30t 0.00980 0.0022 4.4542***
transit:pctemp30t 0.00696 0.0025 2.7927**
walk:SLC Region 0.06839 0.1094 0.6251
bike:SLC Region 2.08125 0.2930 7.1029***
transit:SLC Region 2.54220 0.2134 11.9136***
iv:motor 0.47541 0.1204 3.9481***
iv:nonmotor 2.22330 0.0981 22.6641***
Results (HBW) – Regions = 20
Variable Estimate Std. Error Z Value
walk:(intercept) 0.47034 0.0359 13.0992***
bike:(intercept) -2.86572 0.1067 -26.8683***
transit:(intercept) -1.94207 0.1152 -16.8555***
time -0.09814 0.0003 -314.883***
walk:hhsize -0.04072 0.0038 -10.703***
bike:hhsize -0.00680 0.0096 -0.7076
transit:hhsize 0.04588 0.0124 3.7032***
walk:veh -0.31391 0.0053 -59.2256***
bike:veh -0.16005 0.0132 -12.1132***
transit:veh -0.96448 0.0157 -61.2389***
walk:pct4way 0.00462 0.0003 17.8001***
bike:pct4way 0.00627 0.0006 9.9308***
transit:pct4way 0.00420 0.0007 5.7418***
walk:pctemp30t 0.00630 0.0003 19.1271***
bike:pctemp30t 0.00702 0.0009 8.006***
transit:pctemp30t 0.00688 0.0013 5.2614***
walk:SLC Region 0.46231 0.0351 13.1893***
bike:SLC Region 0.91995 0.1012 9.0919***
transit:SLC Region 0.29379 0.1194 2.4599*
iv:motor 2.72154 0.0445 61.1692***
iv:nonmotor 1.58639 0.0120 132.2214***
Results (HBO) – Regions = 28
Variable Estimate Std. Error Z Value
walk:(intercept) -2.87930 0.1081 -26.6485***
bike:(intercept) -3.24170 0.1063 -30.5106***
transit:(intercept) -0.24649 0.0148 -16.6038***
time -0.01123 0.0002 -63.6916***
walk:hhsize 0.02022 0.0064 3.1527**
bike:hhsize 0.11703 0.0075 15.5387***
transit:hhsize 0.00213 0.0010 2.1724*
walk:veh -0.06758 0.0097 -6.9433***
bike:veh -1.08760 0.0104 -104.2272***
transit:veh -0.02334 0.0016 -14.6607***
walk:lnactden 0.09354 0.0118 7.9266***
bike:lnactden 0.27945 0.0122 22.9042***
transit:lnactden 0.00807 0.0015 5.4579***
walk:pct4way 0.00159 0.0004 3.7203***
bike:pct4way 0.00068 0.0006 1.2053
transit:pct4way 0.00028 0.0001 3.8149***
walk:pctemp10a 0.01691 0.0016 10.7216***
bike:pctemp10a 0.00304 0.0016 1.9547.
transit:pctemp10a -0.00129 0.0002 -5.8653***
walk:pctemp30t -0.00401 0.0006 -6.3851***
bike:pctemp30t 0.01752 0.0008 23.3014***
transit:pctemp30t 0.00170 0.0001 17.4064***
walk:SLC Region 1.02140 0.1066 9.5853***
bike:SLC Region 0.41049 0.1225 3.3505***
transit:SLC Region -0.05457 0.0187 -2.9198**
iv:motor -0.35659 0.0387 -9.2133***
iv:nonmotor 9.02280 0.1368 65.9438***
Results (NHB) – Regions = 28
MNL or NL? Multi-Level or Single Level?
HBW:  2 * [15989 (NL) - 16331 (MNL)] = 684
HBO:   2 * [121240 (NL) - 123340 (MNL)] = 4200
NHB:   2 * [104630 (NL) - 113090 (MNL)] = 16920
Model logL(regional) logL(no 
regional)
DF Test Result Critical Value 
(p=0.05)
HBW -15989 - 17283 60 2588 43.18
HBO -121240 -129010 84 15540 63.87
NHB -104630 -114500 84 19740 63.87
Likelihood 
Ratio Test
Test result of the overall significance of the regional effects
Critical Value = 5.99
Model Validation
HBW-nonmotorized HBO-nonmotorized NHB-nonmotorized
our model WFRC our model WFRC our model WFRC
RMSE 0.0693 0.0985 0.1113 0.1478 0.0752 0.0976
Correlation 0.4353 -0.1082 0.5283 -0.0031 0.6156 0.0123
HBW-motorized HBO-motorized NHB-motorized
our model WFRC our model WFRC our model WFRC
RMSE 0.0693 0.3215 0.1113 0.4016 0.0752 0.3428
Correlation 0.4353 0.0566 0.5283 0.0414 0.6156 -0.0059
Model performance comparison: RMSE and Correlation of nonmotorized mode share
Model performance comparison: RMSE and Correlation of motorized mode share
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Conclusions
• Built Environment Variables Do Matter
• Nesting Structure of Observations Do Matter
• Modeling Approach Can Be Improved
• External Validity 
• Limitations
In principle, if the built environment becomes more dense, mixed, connected,
and transit-served, vehicle ownership decreases, households become less
auto-dependent and motivated to use non-motorized modes of travel.
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